Over the past decade a new type of design practice has emerged that is aimed at addressing complex societal problems through public and social sector innovation. As opposed to traditional product design teams, design processes in this sector tend to be distributed among numerous actors. In these 'designing networks' it is less clear which type and level of design expertise is required and who should have it. In this paper, we investigate design expertise in public and social innovation through a study of the practices of five innovation agencies. We particularly looked at the expertise of framing. The study provides preliminary answers to how much and what kind of design expertise we need, who should have it, and how we can teach and learn this expertise. The results indicate that designing for complex societal problems requires high level design expertise with regard to framing and managing a design process. This requires capability building beyond the methodical approaches that are currently being offered to public and social sector staff members. social innovation; design expertise; framing; capability building
Introduction
Over the past decade, design has emerged as a useful approach in dealing with the complex societal issues that the world is facing. advocates that the new open, complex, dynamic and networked problems of our time require a radically different response, and that expert designers have developed unique approaches to address these new types of problems. Bason (2010) argues that these design approaches and tools can help government to consciously create meaning and value they want citizens, businesses and other actors in society to experience. At the same time many argue that societal problems require interventions beyond what the public and social sector can offer, such as initiatives designed by grassroots organisations (Manzini, 2015) .
These theoretical arguments for public and social innovation through design are also reflected in practice. A new practice is emerging in which design approaches are used to design and implement public and social services, products, policies and procedures across domains such as housing, employment, health, crime prevention, and education. At the core of this practice are the new practitioners: pioneers who are experimenting with methods and practices of public and social sector innovation and who are often working from innovation agencies or 'labs' inside or alongside public and social sector organisations. Irrespective of their position in relation to public, or social sector organisations, these labs share the aim of generating value for society.
There is an interesting difference between the way that people collaborate in traditional design teams and the way that they collaborate in these new social innovation contexts. In traditional design teams in the product manufacturing industry, there are clear boundaries between the team and the external world. The external voices of the consumer, user, and client are included in the design process through distinct roles in the design team such as the marketing manager, user experience expert, and project leader (see for example van der Bijl-Brouwer & van der Voort, 2014) . These external stakeholders might also be invited to be actively involved in participatory design processes. However, the design decisions are made within the confines of the design team's office and it is clear from the start of the project that the client or owner of the design team will implement the solution. In comparison, in public and social sector innovation labs these boundaries between the design team and the external world are much less clear. External stakeholders are often not just participants in a co-design process but are an active part of the design team. Moreover, it is often not clear at the beginning of the design project who will be implementing the result of the design process. Manzini (2015, p38) refers to these connected types of design teams as 'designing networks': "in a connected world, design processes tend to be increasingly distributed among numerous actors who differ in culture, motivation and professional development". While the design research field has developed a basic understanding of the type of expertise that is required for traditional product design teams over the past decades (Cross, 2004; Lawson & Dorst, 2009; Valkenburg & Dorst, 1998) , it is less clear what type and what level of design expertise is required in designing networks that are aimed at addressing complex societal problems. This includes which stakeholders need to have design expertise, how much design expertise they should have, and how this expertise should be taught and learned. In this paper, we investigate this topic through a study that was aimed at understanding the design practices of five public and social sector innovation labs around the world.
We will explore what role design expertise and capability building plays in these design networks that are aimed at creating social and public value.
Design practices and expertise
As the practice of design in the context of public and social sector innovation matures, the research into this area is only just beginning to emerge. A series of case studies by the UK Design Council (2013), on design for public sector innovation of the Sharing Experiences Europe (SEE) network, showed that design contributes to public sector innovation in many different ways. This includes looking at the entire system to redefine the problem from the ground up; understanding user needs; testing iteratively to prevent expensive and risky pilots; integrating the process of problem analysis, solution development and implementation; and engaging teams and departments in collaboration across silos. Yee and White (2015) studied the conditions for design to achieve the desired impact in the context of public and third sector projects, through an analysis of case studies of service innovation projects. They found that community building was the most important condition for design to have the greatest impact in innovation and transformation projects, followed by leadership and building the capacity and skills across the organisation. In this paper we further investigate the theme of capacity building to develop design expertise in the public and social sector.
At the most basic level, design can be described by using Simon's definition of 'changing existing situations into preferred ones ' (Simon, 1996) . But what are the skills that we need to achieve that? Yee and White mention design skills specifically in public and social sector organisations and focus on the concepts of 'mind set' as well as 'practical skills' to apply tools including user-research and generative design methods. The focus on 'mind set' and 'application of tools' seems to be a common understanding of design in the public and social sector innovation context (also described by Nelson and Stolterman 2012) . Although these are important elements required to design, we believe that the notion of 'design expertise' is missing from the context of public and social sector innovation. Nelson and Stolterman (2012, p225) describe design expertise as the "unfolding process of moving from novice to expert" which is consistent with the understanding in design research and pedagogy. Many scholars have studied the expertise of designers such as architects and product designers to understand how this can be taught. Lawson and Dorst (2009) conclude that expert designers undertake five main activities: managing, formulating, moving, evaluating, and representing. The activity of 'formulating', the ability to reformulate and organise ill-structured or wicked problems, is of particular interest as it is one of the most important and unique skills of designers. The specific approach of designers to reformulate problems is called 'framing'. Dorst (2011) argues that the creation of new frames is at the core of how designers think. The notion of framing stems from the work of Schön (1983) . He stated: "in real world practice, problems do not present themselves to the practitioner as givens. In order to convert a problematic situation to a problem, a practitioner needs to do a certain kind of work. [..] Problem setting is a process in which interactively we name the things to which we will attend and frame the context in which we will attend to them" (p40). A particularly interesting aspect of framing by expert designers is the way that frames are used as a strategy to 'problem-solve'. This has been shown most clearly by Dorst and Cross (2001) through an in-depth study of the practices of expert designers which validates a model of 'co-evolution'. This model shows that framing is about the co-evolution of a problem alongside a solution. "It seems that creative design is not a matter of first fixing the problem, and then searching for a satisfactory solution concept. Creative design seems more to be a matter of developing and refining together both the formulation of a problem and ideas for a solution, with constant iteration of analysis, synthesis and evaluation processes between the two notional design 'spaces'-problem space and solution space" (p434).
Framing

Levels of expertise
When talking about 'design expertise' for this study, it is relevant to consider the level of expertise that is required in public and social sector innovation. In his book 'Design, when everybody designs ' Manzini (2015) describes two ends of a scale of design expertise in the context of social innovation, diffuse and expert design. Diffuse design is the type of design knowledge that he argues is the natural designing capacity of every human being, while design experts are people trained to operate professionally as designers. Lawson and Dorst (2009) argue that design expertise is not acquired in some continuous and seamless manner but that there appear to be more or less distinct layers of expertise, which each enable quite different modes of thinking and action. The layers are based on a generic model of expertise developed by Dreyfus, and include a novice (rule-based thinking), advanced beginner (situation-based thinking), competent (strategy-based thinking), expert (intuitive thinking), master (context-based thinking) and visionary level (domain-based thinking). Lawson and Dorst include a 'beginner 'level because they acknowledge, like Manzini, that most people are already 'novice' by applying design as an 'everyday act'. What is most relevant for this study is to describe the difference between the novice level and the expert level. Novice designers use largely rule-based and convention-based thinking. They consider the objective features of a situation, as provided by the experts, and follow strict rules to deal with the problem. Rule-based thinking allows us to tackle complicated problems with approaches that are often a combination of logic and the experience of many designers before us (Lawson & Dorst, 2009, p68) . This is very different from the 'expert' level, where the expert responds to a situation intuitively, applying design judgement and intention that allows outcomes to emerge (Nelson and Stolterman 2012) .
Capability building
It is widely acknowledged that building the design capability of staff within the public and social sector can lead to more 'transformative change' that allows the sector to respond to challenges in new ways (van der Bijl-Brouwer, Kaldor, Watson & Hillen, 2015; Mulgan, 2014; Yee & White, 2015) . In the remainder of this paper we will further investigate design expertise and capability building in the social and public sector, through a study into the practice of public and social sector innovation labs.
A study of public and social sector innovation practices
The objective of our study was to investigate the practices of public and social sector innovation agencies that were addressing complex societal problems. We were particularly interested in the 'designerly elements' of the practice with regard to framing, human-centred design (HCD), and collaboration. In this paper we will focus on the framing practices. The theme of 'capability building' emerged during the study and was further explored in data analysis.
Research method
The study was conducted using a retrospective case-study approach (Yin, 2009 ). We invited five international public and/or social sector innovation agencies to participate, and selected an appropriate case study within each of the agencies. The selection criteria included that the project should be aimed at addressing a complex societal issue, included collaboration with a public or social sector partner, and was executed by a team with at least five years of experience working in the public or social innovation sector. The research method included document analysis of the reports and design documentation, and interviews with the team members from the innovation lab, as well as their main partners in the public or social sector. We conducted 16 interviews in total. All interviews were transcribed, and relevant sections were coded and explored through an inductive thematic analysis. To investigate the framing practices within the case studies, we mapped out how 'solutions' and frames or problem definitions were developed over the course of each project.
Please note that the limitations of this case-study approach are that results cannot be generalised to the practices of the agencies as a whole. Furthermore, it does not reveal the level of detail in the framing process that would be available from a protocol analysis. A generally cited limitation of case study analysis is its small sample size with regard to generalisation to a larger population (Yin, 2009 ).
Five case studies
Each case study was focussed on addressing a complex societal problem and involved initial collaboration with a key funder or partner in the social or public sector. In all case studies this collaboration was then expanded to a much broader group of stakeholders. The five case studies are described in Table 1 . The agencies each have a different position in relation to government. Figure 1 demonstrates the role each agency had in relation to government within a model developed by Bason and Schneider (2014) . The 'design networks' in each of the case studies consisted of the agencies in addition to a broader group of stakeholders. The leading teams from the agencies each had between two and four members. In four of the five case studies at least one member from the funding or partnering organisation had an active role in the design process. Service providers and/or public servants or managers were actively involved in the design process in each of the case studies through participatory design or through being an active member of the design team, taking part in design and research activities, and decision-making. In all case studies except CoLab, end-users or citizens were actively involved through participatory design or being an active member of the design team.
Results: design expertise and framing
It is clear that framing was a key element of the design expertise throughout all five case studies. All groups spent considerable time framing the problem, although different principles and approaches were used to develop and evolve these frames.
Framing principles
Two principles in terms of how the problems were framed could be distinguished in all the case studies: 'opening up the brief' and 'systemic thinking'.
GOV-LED GOV-ENABLED
owner | funder | co-funder | partner | client | endorser MindLab (Copenhagen) TACSI (NSW) Kennisland (Amsterdam) Co-Lab (Alberta) InWithForward (Vancouver)
Opening up the brief
All case studies started with a briefing process, in which the agencies and their partnering or funding organisations negotiated the initial brief. In this process, all agencies 'opened up' the brief to allow for a broader framing and/or a more positive view on the problem.
[ 
Systemic thinking
Three of the five studies framed the problem explicitly on two different levels: a strategic systems level focused on the broader system in which the problem sits, and a service level that was aimed at addressing specific problems for the target group. For example, TACSI developed service prototypes to address problems for families in the short term, as well as a 'prospectus' of the big picture systems changes that were required to generate larger scale changes. KL developed specific interventions that were directly targeted at helping youth, as well as prototypes on how to develop policy. TACSI refers to this process as 'two-track thinking': The strategic systems level is aimed at developing solutions that allow the system to adapt and evolve, beyond just the target group in the specific case study. This is in line with what Nelson and Stolterman (2012, p57) call the 'systemic nature' of design expertise, which focuses our full attention on the connections and relations between people, subjects, objects, and ideas -rather than just the things themselves. The other two remaining case studies also clearly included this focus on broader relationships in how they framed the problem.
Input for the development of frames
In the process of developing frames, the groups used different types of 'input'. All approaches were human-centred, but the way this was integrated in the design process differed significantly between the case studies.
Framing using qualitative human-centred research
All case studies adopted a human-centred approach, using different types of resources to understand the needs and aspirations of end-users and other stakeholders. Methods included for example the collection of stories from different stakeholders, deep or rapid ethnography, social theories, light institutional immersion and co-design.
The time spent on gathering insights into end-users' or stakeholders' needs, aspirations and perspectives differed significantly between the five case studies. In three cases there was a very rigorous 'research' stage, involving elaborate field research based on long ethnographic studies and/or many stakeholder interviews, and a rigorous data-analysis stage to identify themes in the data.
[Team member, IWF]: "We don't do one-day interviews, we're really committed to immerse ourselves in the ethnographic work. We build these great relationships… we were committed to this."
In the other two case studies, human-centred research was applied in a more pragmatic way where research into stakeholders needs, aspirations, and perspectives was conducted at those stages when it was considered most useful and relevant in the design process (this is referred to in the next section).
Working with assumptions
In three case studies the participants clearly showed how they started with assumptions for an initial framing of the problem, rather than doing research first to frame the problem. Research was then used to confirm or open up the frame. For example:
[Team member, TACSI]: "TACSI has a testing assumptions model -we start in the office and we frame our assumptions and we name our assumptions and then we go out of the office and we test our assumptions. So we tried to model that kind of on a weekly basis."
In all the cases, the research is not just used to 'confirm' assumptions, but to open up the process and lead to new frames and ideas. This was most clearly explained by MindLab:
[Team member, MindLab]: "We engaged directly with the teachers so they could also come up with new ideas on how to come closer to this desired future state…we made these future scenarios with props like paper figures and [context pictures], because that kind of sets a tone, [makes it concrete] and it gives people a direction. But it still leaves, [..] an openness for them to come up with ideas that [we] hadn't come up with ourselves. So this is also a crucial part of what we do. Giving people direction, but at the same time, maintaining an openness to exploration."
But if the framing is not 'driven' by human-centred research, then how did the teams generate their initial framing? Two of the case studies had explicit strategies to achieve this. To generate the initial framing, CoLab used specific systemic design methods and tools, including systems mapping, risk mapping, affinity mapping, brainstorming and role-playing the user's perspective etc. MindLab adopted a more solution-focused strategy, using provocative prototypes to provoke stakeholders thinking about what they might need. The prototypes were developed by the MindLab team using desired future-state thinking, and using metaphors to generate ideas.
[Team member, MindLab]: [we asked ourselves:] "what is the desired outcome?" and we thought about what other tools that are useable in this context, and then we had a brain storm about it from other businesses, what are some of the solutions that we maybe could take some inspiration from."
Evolution of framing
All cases showed a divergence and evolution of the framing of the problem and the development of solutions. For example, the IWF case study started with a problem frame of 'how do we reduce social isolation amongst adults living with cognitive disabilities', to a focus on 'isolation from learning and purpose', to 'how can we help people with identifying interest for employment opportunities'. What is interesting is the way that the case studies differed with regard to the relationship between human-centred research and framing, the way that framing is 'planned for' and the co-evolution of problem and solution.
Linearity of human-centred research and framing
The case studies that used elaborate human-centred research approaches as input to their framing, differed with regard to the 'linearity' of that process. In one case study, there was a linear approach in which the research preceded the framing and the generation of solutions. In other cases, the research was used to let the framing evolve. This can be illustrated through how IWF used social theories. Rather than first finding social theories and then using that to frame the problem, they included the theories in a more iterative way: This is a more strategic application of HCD in which it is not just used to 'respond' to a problem that has come up in the research, but rather is used strategically in the evolution of the problem frame (van der Bijl-Brouwer & Dorst, 2017).
Co-evolution of problem and solution
As described in the introduction, design expertise is characterised by a co-evolution of problem and solution. This was very clear in the MindLab case in which the team used a solution-focused approach to explore the problem, although they explain that other approaches are also used in their agency:
[ IWF also showed a very clear co-evolution of problem and solution, through continuous iterative prototyping loops which are not just about how to improve the solution, but also about how to frame the problem. In two of the case studies it is unclear how the problem and solution co-evolved because the agencies were either not involved or not yet in the prototyping stage.
One case study clearly showed no explicit co-evolution of problem and solution. In that case study the step from problem exploration to solution was made in one session, using a methodical approach including templates or 'canvasses' to move from themes to ideas, without an explicit way to refer back to the problem framing. This led to some expressions of discomfort from participants (referred to in the next section).
Planning and managing the design process
Another important theme that emerged was the extent to which the design process was planned.
[Team member, MindLab]: "It's important actually to understand that we didn't have a plan from the beginning as we didn't have a set plan how it would evolve."
This is in line with the 'unplanned' and intuitive nature of framing in expert design practice, as explained through a quote from a CoLab team member:
"To me reframing is something that you are looking for in design, but you are not planning for it…you don't know when that moment's going to come, but you are definitely open to looking for it."
Lawson and Dorst (2009) refer to this activity as 'managing' -stepping out of the "flow of the design activity, and asking if the process is going well or might be steered differently" (p58). It is this unplanned and 'messy' nature of the design process that makes it uncomfortable for those stakeholders in the network who are not familiar with design, for example: Interestingly, the opposite was also true. In one case study the facilitators structured the process very carefully through a method developed by the agency itself, which involved a structured number of steps with clear tools and templates to guide participants through each of the steps. The most difficult step was to go from investigating the problem space to developing solutions. A participant mentioned:
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Results: capability building
Three of the case studies had a deliberate approach to build design or innovation capability in the network in addition to achieving project outcomes. In two of those, CoLab and KL, capability building was the priority, and the case served as an example to learn about the design or innovation approach. In the other two cases the focus was on project outcomes, not on capability building. These differences in focus are illustrated in Figure 2 . As capability building was not an initial focus of this research project, we have limited insight into the impact this had on participants. However, we do have some anecdotal evidence of the learning outcomes of some of the projects and how that transfers to other parts of participants' work.
In the KL case study, all interviewed participants indicated that they had learned from the process and would apply it in their work. 
Discussion
Design capability in public and social innovation
In this study, design expertise could be recognised in the case studies through the way that the design networks framed the problem. In all cases this was mostly driven by the design teams from the social innovation agencies. Indicators of design expertise in framing could be recognised through 1) the principles that the agencies used to frame and 2) the 'non-linear' approach to framing and managing the process
Framing principles
The agencies used two main principles for problem framing-'opening up' the brief and applying systemic thinking. As discussed above this is in line with the 'systemic' nature of design as discussed by Nelson and Stolterman (2012) .
Non-linear approach to framing and managing the process
The 'non-linear' approach to framing and managing of the design process included an evolution of the framing that was not 'planned' in advance. In all but one case study the frame evolved continuously through either reflecting on solutions (co-evolution of problem and solutions) or bringing in new human-centred research whenever it was deemed appropriate. This messy and intuitive nature of design is something that makes design hard to understand by novices.
Levels of design expertise
The framing principles and non-linear approach show a high level of design expertise. But what did we learn about the 'lower' levels of expertise? One case study is of particular interest here. This team showed design expertise in the initial framing of the problem, opening it up, and taking it to a systems level. However, parts of the process were so methodical and 'templated' that it did not allow the problem and solution to co-evolve. Rather, the problem was explored and framed before solutions were generated. This is in line with a more 'rule-based' approach, and seems to lack expertise with regard to managing a non-linear design process. However, the fact that this team did manage to reframe the broader problem does show higher level expertise than novices. This is in line with Lawson and Dorst (2009) who state that there are many elements to design expertise and that you can be more expert in some elements and less expert in others.
The anecdotal evidence of the learning outcomes of participants shows that many have changed their thinking around how to address problems, but that this is still rule-based. However, they did improve their expertise beyond 'everyday' or innate design expertise levels (Lawson & Dorst, 2009; Manzini, 2015) . This in-between level of design expertise needs to be explored further to be able to develop appropriate capability building programs.
Another question is who needs to have which level of expertise. A tentative answer could be that practitioners need high level expertise for complex challenges, and that people working in the public and social sector need at least enough expertise to recognise when a problem can be solved using 'beginner' expertise, and when they need to engage with expert designers. This shows that we will need to develop more specific indicators of design expertise in public and social innovation.
Teaching design in public and social innovation
The complex nature of the challenges that public and social innovation agencies aim to address requires a different approach to design. Burns, Cottam, Vanstone, and Winhall (2006) refer to this as 'transformation design', the expertise to address complex problems and to create fundamental change. It "seeks to leave behind not only the shape of new solutions, but the tools, skills and organisational capacity for ongoing change" (p.21). More than one decade later, we can see how innovation agencies are indeed focusing on this need to build design capability within organisations. However, we argue that the teaching and learning models for this capability building need further exploration in terms of the targeted learning outcomes in relation to levels of expertise, and the learning models in relation to these levels of expertise.
It is undisputed that design can only be learned by doing. The experiential learning model is therefore widely adopted in design curricula. An essential part of experiential learning is reflection on the experience (Moon, 2004) , as visualized in the well-known learning cycle of Kolb (1984) . In design curricula this is achieved through, for example, the 'studio-model' and the design critique. In design practice, ongoing reflection individually and as a team supports professional practitioners to keep developing themselves (Lawson & Dorst, 2009 ).
The learning models described in the case studies do have experiential elements. This is in line with what Yee and White (2015) found with regard to capability building in design projects in the public and social sector, in which key stakeholders are often invited to apply 'tools' to go through a learning cycle of experiential learning, and in some cases explicit 'training' is offered. This would suffice for the 'rule-based' practices of a beginner designer. However, it comes nowhere near the years of education that traditional designers receive. Cross (2004) discusses the time that is required to obtain high level design expertise, and concludes from studies of expertise that it requires a minimum period of practice and sustained involvement. Referring to Ericsson (2001) , who is an expert in the study of expertise, "superior expert performance is primarily acquired... many thousands of hours of deliberate practice and training are necessary to reach the highest levels of performance" (Cross 2004, p428) .
This level of expertise is clearly far beyond what can realistically be achieved in any 'design capability building program'. For this level of expertise, public and social sector organisations need to hire or work with experts that have built up expertise through years of experience of designing within a social innovation context. At the same time, we need to acknowledge that this field of design and social innovation is young, and that continuous professional learning needs to be supported, as outlined by Nelson and Stolterman (2012, p228) : "Designers as professionals need to have both training and learned experiences to develop the multiple forms of expertise needed to create desired changes in the complexity and uncertainty of today's world."
An interesting paradox in capability building is that addressing complex societal problems requires high-level design expertise, but to acquire this expertise, novice designers need experience in working in this context. The case studies that were focused on capability building in this study used the latter approach-working with novices in a real-world context which had less impact on the project outcomes in comparison to the other agencies that relied on high-level expertise. This suggests that organisations need to be aware that they need to balance getting outcomes for the project with getting learning outcomes for participants. A better articulation of design expertise and learning models could contribute to helping public and social sector organisations set a strategy with regard to building innovation capability.
Conclusion
The study described in this paper contributes to developing a better articulation of what design is and what it means in the context of public and social sector innovation, as well as to the development of strategies to increase design expertise in designing networks that are aimed at addressing complex societal problems. The study indicates that public and social sector innovation in the complex context requires high level design expertise. This type of expertise requires years of practice. Even though toolkits with step-by-step methods and templates are great for creating 'design literacy', these approaches are unlikely to get inexperienced people in a designing network beyond the novice level to 'design fluency'. Further research is required to better articulate what level of expertise is required for which type of role and situation in a public and social sector context, and how it should be taught.
